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Abstract
Background Conventional open herniorrhaphy in chil-
dren has been reported to have 0.3–3.8% recurrence and
5.6–30% postoperative contralateral hernia rates. We
developed a unique technique to achieve completely
extraperitoneal ligation of PPV without any skip areas
under laparoscopic control. This report introduces our
technique and results compared with the cut-down
herniorrhaphy.
Methods A consecutive series of 1,585 children with
inguinal hernia/hydrocele (1996–2006) was analyzed. In
laparoscopic patent processus vaginalis (PPV) closure
(LPC), an oriﬁce of PPV was encircled with a 2–0 suture
extraperitoneally by a specially devised Endoneedle and
tied up from outside of the body achieving completely
extraperitoneal ligation of the ring. The round ligament
was included in the ligation, whereas the spermatic cord
and testicular vessels were excluded by advancing the
needle across them behind the peritoneum. Cut-down
herniorrhaphy (CD), with or without diagnostic laparos-
copy, or LPC was selected according to parental preference
under informed consent.
Results Parents gave more preference to LPC (LPC in
1,257 children, CD in 308, and miscellaneous in 20). Age
ranges were equal for both groups. Sex distribution showed
female preponderance in the LPC group (44.8% vs. 26.6%,
p\0.001) and umbilical hernia/cysts were predominantly
included in the LPC group (11.9% vs. 2.9%, p\0.001).
Mean operation times were equal for both groups for uni-
lateral repair (28.2 ± 9.2 for LPC vs. 27.8 ± 13.5 for CD)
and were shorter for bilateral repair in the LPC group
(35.8 ± 11.6 vs. 46.7 ± 17.7). The incidence of postop-
erative hernia recurrence and contralateral hernia in the
LPC group was 0.2% and 0.8%. Two children in the CD
group had injuries to their reproductive system during the
operation (0.6%).
Conclusions The advantages of our technique include
following: technically simple, short operation time,
inspection of bilateral IIRs with simultaneous closure of
cPPV, reproductive systems remain intact, routine addition
of umbilicoplasty if desired, and essentially indiscernible
wounds.
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The principle for the repair of indirect inguinal hernias in
children consists of complete ligation of the patent pro-
cessus vaginalis (PPV) [1]. For a long time, procedures
with this goal had been unchangingly performed through
an inguinal crease incision as the traditional cut-down
technique [2]. With the advent of the laparoscopic era, the
trend began to move toward the application of laparoscopic
techniques for pediatric herniorrhaphy. Considerable
debates currently exist about whether the laparoscopic
approach to the indirect inguinal hernia should be allowed
to take the place of the ‘‘gold standard.’’
Conventional open herniorrhaphy in children has been
reported to have recurrence rates of 0.8–3.8% and post-
operative contralateral hernia rates of 5.6–30% [3–6]. We
M. Endo (&)  T. Watanabe  M. Nakano
Department of Pediatric Surgery, Saitama City Hospital,
2460, Mimuro, Midori-ku, Saitama-shi 336-8522, Japan
e-mail: emta@mxr.mesh.ne.jp
F. Yoshida  E. Ukiyama
Department of Pediatric Surgery, Kyorin University Hospital,
Mitaka-shi, Tokyo, Japan
123
Surg Endosc (2009) 23:1706–1712
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extraperitoneal ligation of the PPV without any skip areas,
sparing the spermatic cord and testicular vessels under
laparoscopic control. Our technique should offer theoreti-
cally superior advantages to open repair in terms of high
ligation of the PPV and routine intervention to the con-
tralateral side. The purpose of this report is to introduce our




A consecutive series of 1,585 children with inguinal hernia
or hydrocele, or both, experienced during 1996–2006, was
analyzed. Regarding the operative procedures, the cut-
down procedure (CD) and laparoscopic PPV closure (LPC)
were proposed to the parents of the patients. CD was fur-
ther divided into CD for the affected side only (CDA) and
CD with diagnostic laparoscopy (CDL). CDA, CDL, or
LPC was selected according to parental preference under
informed consent. The medical records of these children
were analyzed in terms of parental selection, distribution of
sex, age, presence of contralateral patent processus vagi-
nalis (cPPV), operation time, and complications among the
groups.
Twenty patients who had various procedures during the
period of development of laparoscopic herniorrhaphy were
excluded from the analysis, and patients who underwent
combined procedures affecting deﬁnitive herniorrhaphy
also were excluded from the analysis of the operation time.
The patients were followed up regularly in our outpatient
clinic until 7 months, and at the visit for any complaints or
other morbidities after that time. The follow-up periods
ranged from 1 to 11 years.
Statistical analysis
Continuous data were expressed as mean ± standard
deviation (SD). Statistical signiﬁcance was calculated with
a two-tailed t test or the Mann–Whitney U test. For pro-
portion data, the v
2 test was used.
Operative procedures
In laparoscopic PPV closure, a 2–0 suture, placed in the
lower half of the internal inguinal ring through a 16-gauge
sheath needle advanced extraperitoneally across the cord
and vessels, was retrieved through the upper half of the ring
by a specially devised needle (Fig. 1) and was tied up
extracorporeally, achieving completely extraperitoneal
ligation of the ring. Technical details are illustrated in
Fig. 2. The procedure for girls was as described previously
[7]. For infants younger than aged 1 year 6 months, the IIR
was closed with double ligation (Fig. 3). If a cPPV was
identiﬁed, it was closed.
In cut-down herniorrhaphy, the traditional procedure
described in the text was performed through a crease
incision at the affected side [8]. Diagnostic laparoscopy
was performed with a 70-degree laparoscope via ipsilateral
hernia sac. A 2-mm grasper was inserted through the par-
aumbilical port to manipulate the peritoneum at the
contralateral IIR if needed. When a cPPV was noted, it was
closed through a crease incision.
Results
Parental perspective and choice
Parents showed a greater preference for LPC, accounting
for 1,257 children compared with 308 who underwent CD
with or without diagnostic laparoscopy (CDA, 62; CDL,
246). The reasons why the parents chose LPC were post-
operative cosmetic superiority, inspection for cPPV, and
simultaneous repair if it was present, the ability for a
second look at the previous operation site in cases of
recurrence or contralateral occurrence, availability of
simultaneous umbilicoplasty for umbilical hernia, or an
ugly umbilicus. Diagnostic laparoscopy was selected for
inspection for cPPV and simultaneous repair if it was
present. The cut-down procedure was chosen because of
strong disagreement of family members, including grand-
parents and relations based on fear of laparoscopic
procedures, experience regarding siblings or other family
Fig. 1 Instrumentation consisting of 14-gauge sheath needle as a port
for 15-gauge grasper with electrocautery, 16-gauge sheath needle for
puncture, and 19-gauge Endoneedle for sending and retrieving a
suture. A metal ﬁlament is used for setting a 2–0 nylon twine as a
suture into the Endoneedle
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123members who had previously undergone cut-down herni-
orrhaphy with good results or no problems, and the lack of
long-term follow-up data with the innovative technique.
Characteristics of patients who underwent each chosen
procedure
The data are shown in Table 1. Age ranges were equal at
approximately 3 years for both the LPC and CD groups.
Sex distribution showed female predominance in the LPC
group (44.8% in LPC vs. 26.6% in CD, p\0.001).
Differences in the hernia side were not signiﬁcant between
the groups. No statistically different distributions of asso-
ciated morbidities necessitating combined operation were
seen, except umbilical hernia/cyst. Umbilical morbidities,
such as umbilical hernia, cystic degeneration of the
umbilicus, or an ugly-looking umbilicus, were seen four
times more in the LPC group (p\0.001).
Operative ﬁndings
Regarding laparoscopic inspection of the contralateral IIR,
the presence of cPPVs was more dominant in the LPC
group than in the CDL group (47% vs. 21.6%, p\0.001).
Mean operation times for unilateral repair were equal in
both LPC and CD groups (28.2 ± 9.2 min for LPC vs.
27.8 ± 13.5 min for CD) and were shorter for LPC in
bilateral repair (35.8 ± 11.6 vs. 46.7 ± 17.7 min,
p\0.001). When comparing the CDL with the CDA, CDL
took an average of 6 min longer for a unilateral and
8.6 min longer for a bilateral closure than CDA (p\0.05).
The difference between males and females was signiﬁcant
in the LPC group (p\0.001), accounting for a 4.4-min
increase for unilateral and a 6.9-min increase for bilateral
closure in males (Table 2). In the LPC group, incidental
umbilical hernia, ugly umbilicus, and other abnormalities,
such as intraumbilical epidermoid cysts, also were repaired
simultaneously during closure of the laparoscopic wound,
whereas in the CD group an umbilicoplasty was performed
as another deﬁnitive surgery.
One boy in the LPC group had a small stab injury on
the anterior wall of the rectum during the placement of a
port for the grasper through the abdominal wall, which
was immediately repaired with the laparoscopic tech-
nique without sequelae. A boy and a girl in the CD
group had respective accidental severance of the
Fig. 2 Laparoscopic completely extraperitoneal closure of right-
sided PPV. (1) Anatomy of male IIR. 1, umbilical plica; 2, inferior
epigastric vessels; 3, external iliac vein; 4, transverse abdominal
muscle; 5, oriﬁce of PPV; 6, spermatic duct; 7, testicular vessels. (2)
A small opening is made on the peritoneum between spermatic duct
and testicular vessels using 15-gauge grasper with electrocautery. (3)
The spermatic duct is separated from covering peritoneum by the
grasper. (4) 16-gauge sheath needle goes along lower half of the IIR
extraperitoneally crossing over the testicular vessels and spermatic
duct beneath the peritoneum. (5) After the puncture needle penetrates
the peritoneum at the opposite side, a 2–0 suture is send by
Endoneedle. (6) Free end of the suture is bitten into the Endoneedle
that has come along upper half of the oriﬁce and drawn out together
with the needle. (7) The oriﬁce of PPV has been encircled without any
skip areas. The suture is tied from outside. (8) End of the procedure
Fig. 3 Double ligation for infant younger than aged 1 year 6 months.
An internal pursestring suture is placed, skipping over the spermatic
cord and testicular vessels, proximally to the previously placed
encircling suture
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123spermatic duct and ovarian duct, which was anastomosed
under surgical microscopy during the same session.
There was a statistically signiﬁcant difference in the
incidence of intraoperative injuries to the reproductive
system between the LPC and CD groups (0% vs. 0.6%,
p\0.005).
Table 1 Characteristics of patients who underwent chosen procedure
LPC CD Difference
No. of patients 1,257 308 (246 CDL, 62 CDA)
Age (range) 1 month to 24 years 1 month to 22 years
Mean ± SD 3.8 ± 2.9 years 3.7 ± 3.2 years NS
Sex 694 males, 563 females 226 males, 82 females
% of females 44.8 26.6 p\0.001
Side of hernia 745 right, 456 left, 56 bilateral 177 right, 117 left, 14 bilateral
% of laterality Right (58.4), left (35.8), bilateral (4.4) Right (57.5), left (38), bilateral (4.5) NS
Associated morbidities necessitate combined operation
Maldescended testis 41 (3.3%) 11 (3.6) NS
Umbilical hernia/cyst 149 (11.9%) 9 (2.9%) p\0.001
Visceral sliding/incarceration
Omentum 15 (1.2%) 1 (0.3%) NS
Bowel loop, cecum, appendix 14 (1.1%) 2 (0.6%) NS
Ovarium, ovarian duct 42 (3.3%) 10 (3.2%) NS
After primary herniorrhaphy
Recurrence 7 (0.6%) 2 (0.6%) NS
Contralateral hernia 26 (2.1%) 4 (1.3%) NS
Miscellaneous 15 (1.2%) 9 (2.9%) NS
LPC laparoscopic patent processus vaginalis closure, CD cut-down herniorrhaphy, NS not signiﬁcant




Right 425 143 111 32
Left 211 99 78 21
Bilateral 621 66 57 9
Total 1878 374 303 71
% of contralateral PPV 47 21.6 p\0.001
Operation time (mean ± SD, min)
Unilateral n = 591 n = 216 n = 171 n = 45
28.2 ± 9.2 27.8 ± 13.5 29.1 ± 12.3 23.1 ± 16.8
Difference NS p\0.05
Bilateral n = 542 n = 60 n = 50 n = 10
35.8 ± 11.6 46.7 ± 17.7 48.1 ± 18.3 39.5 ± 15
Difference p\0.001 p\0.05
Male versus female Male Female
Unilateral LPC n = 345 30 ± 8 n = 246 25.6 ± 10 p\0.001
Bilateral LPC n = 253 39.5 ± 10.6 n = 289 32.6 ± 11.5 p\0.001
Unilateral CD n = 154 28 ± 12.1 n = 62 27.3 ± 16.6 NS
Bilateral CD n = 43 48.6 ± 18.5 n = 17 41.8 ± 14.1 NS
LPC laparoscopic patent processus vaginalis closure, CD cut-down herniorrhaphy, NS not signiﬁcant
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123Postoperative ﬁndings
In the LPC group, the operation was performed satisfac-
torily in all patients. Preoperative and postoperative
photographs of the IIR are shown in Fig. 4, and cosmetic
results were excellent with almost invisible scars. In sec-
ond-look operation for postoperative contralateral hernia,
the primarily closed IIR was found to be completely cov-
ered with thick cicatricial tissue (Fig. 4C). Postoperative
hernia recurrence was seen in 2 of 1,257 patients (0.16%)
and 1,878 PPVs (0.11%) in the LPC group, and in 2 of 308
patients (0.65%) and 374 PPVs (0.53%) in the CD group.
Contralateral hernia developed in ﬁve of the LPC group
(0.79% of unilateral PPV closure) and in four of the CD
group (1.67%; 3 CDL (1.59%) and 1 CDA (1.89%)). The
incidence of the postoperative recurrence and contralateral
hernia were lower in the LPC group, but with no statisti-
cally signiﬁcant difference. Postoperative direct hernia
occurred in one patient in the CD group. As for minor
postoperative complications, fugitive stitch granuloma
occurred at the umbilicus in seven patients of the LPC
group and at the crease incision site in one patient of the
CD group. Transient ﬂuid accumulation in a sac with
omental remnant occurred in 1 LPC patient with omental
incarceration. Postoperative testicular atrophy was found in
none of the both groups.
Discussion
Conventional open herniorrhaphy has a problem of whe-
ther contralateral exploration is necessary in children with
an indirect hernia [9]. Laparoscopic hernia repair resolves
this question with opportunity to close both PPVs simul-
taneously, when a cPPV is found, without the addition of
a crease incision on the opposite side. The second problem
is postoperative hernia recurrence. The main factors
affecting recurrence have been recognized as (1) failure to
ligate the sac high enough at the internal ring; (2) injury to
the ﬂoor of the inguinal canal due to operative trauma; (3)
failure to close the internal ring in girls; and (4) postop-
erative wound infection and hematoma [10]. The
laparoscopic technique has proven to be a method that can
avoid all these possible causes of recurrence [11]. The
third problem is injury to the reproductive system.
Childhood inguinal herniorrhaphy has been said to be one
of the most frequent causes of infertility [12].
The goal of our project was based on the principle of the
traditional cut-down technique, which involves completely
extraperitoneal high ligation of the PPV, minimizing the
above-mentioned drawbacks with a simple technique. We
devised the needles to accomplish circumferential ligation
of the PPV via the extraperitoneal route more easily, safely,
and completely. The needle goes beneath the ligamentum
teres uteri distal to the U-turned ovarian duct in girls,
involving the ligament inside of the ligature. To avoid
damage to the spermatic cord and testicular vessels in boys,
the needle is advanced between the peritoneum and cord
and vessels.
At the preoperative guidance session, three methods
were proposed to the patients’ parents: traditional cut-down
repair, additional diagnostic laparoscopy for contralateral
IIR inspection with simultaneous closure of a cPPV, and
laparoscopic repair. The parents chose the laparoscopic
repair more frequently based on the reasons described in
the Results, which were occasioned by the predominance of
girls and associated morbidities of the umbilicus in the
LPC group. The parents were very satisﬁed with the wound
cosmesis in LPC group patients. Hand-in-hand with expe-
rience-related advances in technique and patient feedback
to family doctors, the incidence of LPC being chosen has
markedly increased and the procedure garnered the posi-
tion of the new standard of herniorrhaphy in our hospital.
Regarding the intraoperative ﬁndings, incidences of
cPPV have been reported to range from 20–40% [13–16].
The outstanding point in our series was the difference of
cPPV rates between the CDL (21.6%) and LPS (47%)
groups. This difference might be due to the technical
Fig. 4 G.K., 2-year-old boy right indirect inguinal hernia. A
Preoperative ﬁndings; 1 spermatic cord, 2 testicular vessels, 3 inferior
epigastric vessels. B Immediately after closure; 4 Umbilical plica.
Umbilical plica has been drawn toward the center of ligation. The
spermatic cord and testicular vessels run apart from the ligation.
C Revisit for contralateral hernia developed after 3 months; 5 suture
knot. The primarily closed IIR has been covered by thick cicatricial
tissue resulting in super-high ligation. The spermatic cord and
testicular vessels have returned to preoperative places
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123differences of laparoscopic examination. In diagnostic
laparoscopy during the cut-down procedure, an endoscope
was inserted through the ipsilateral hernia sac with or
without an assistant grasper. On the other hand, during an
LPS procedure the laparoscope through the umbilicus is
capable of visualizing both IIRs directly and always with
the assistance of a grasper. Grossmann et al. described
some difﬁculty in visualization of the contralateral side
with an endoscope inserted from the ipsilateral hernia sac
[17]. Furthermore, after experiences of contralateral
development of clinical hernia in two girls, we have
adopted more strict criteria for negative cPPV in LPC.
The average operation time for a unilateral hernia in the
LPS group was comparable with the CD group, but was
shorter for bilateral hernias. According to the difference in
time between unilateral and bilateral closure, the time
needed for closure of the IIR itself accounted for 8 min.
The time for diagnostic laparoscopy via an ipsilateral
hernia sac in cut-down herniorrhaphy was calculated at
6 min, which is compatible with a previous report [13].
Differences in time between boys and girls came from the
care required around the spermatic cord. Because of tight
contact between the spermatic cord and the peritoneum,
separation of these structures in advance using electro-
cautery and a grasper is advisable, although in skilled
hands, this step can be abridged, the result of which saves
4 min for a unilateral repair.
As for postoperative complications, contralateral hernia
developed in eight children who underwent LPC or CDL.
The patency had been overlooked in two of them because
of a peritoneal veil covering the oriﬁce completely. The
remaining six children had had a pinhole oriﬁce or shallow
depression, development of a metachronous hernia from
which was not thought to occur. The incidence of
metachronous hernia of children who underwent laparo-
scopic inspection was 1.1%, which was far less compared
with reported traditional unilateral open repair.
It is very difﬁcult to eradicate postoperative recurrence
as a fate of herniorrhaphy. Despite the fact that the lapa-
roscopic approach theoretically provides high ligation of
the PPV more proximally than open repair, higher rates of
recurrence have been reported with this approach. Lapa-
roscopic repairs involving closure of the hernia opening by
suturing within the abdominal cavity in the pursestring or
Z-type suture fashion where the suture material is tied off
intracorporeally may have an intrinsic risk of reopening
the vaginal process, leading to the recurrence of the hernia
or development of a hydrocele. Reported recurrence rates
were 3.1–4.4% [18–20]. In another procedure in which a
circuit suture was placed extraperitoneally around the
hernial oriﬁce, crossing over the spermatic cord or the
testicular vessels to leave them untouched and spare them
from injury, small spaces are left above these structures.
Reported recurrences in these techniques are 0.8–2.8%,
which is lower than intraperitoneal closures [21–23].
Methods that allow complete encircling of the PPV, such
as the intraperitoneal pursestring stitch passing between
the peritoneum and the cord and vessel structures so as not
to leave any skipped area, or a laparoscopic technique
that produces every step of the open procedure involv-
ing complete division and stitching up of the PPV at
the IIR, achieved the lowest recurrence rate from 0–1.3%
[11, 24].
Our technique has fundamentally the same concept as
the latter-mentioned techniques, but with more simplicity.
Hernia recurrence occurred in two boys in the LPC group
(0.2%): one due to early rejection of the suture, and the
other due to provable loosening of the suture knot,
prompting a modiﬁcation in technique. The modiﬁcation
was made by double-ligation of the proximal end of the sac
for infants younger than 1 year 6 months in whom the
external inguinal ring is located so close to the IIR that the
shortened inguinal canal becomes uncovered by muscula-
ture and is vulnerable to increased intra-abdominal
pressure. The doubly ligated IIR is expected to hold against
pressure until wound healing is completely accomplished.
Drawbacks associated with the reproductive system are
a hidden but not negligible problem. One report suggests
that vas deferens or epididymis was found in 0.53% of
hernial sacs removed during herniorrhaphy [25]. The
incidence of vasal injury during inguinal herniorrhaphy has
been estimated at 0.5% [26]. Fallopian tube obstruction in a
woman with a history of childhood bilateral inguinal her-
niorrhaphy was reported as the cause of infertility [27]. We
had two episodes of injury to the reproductive system
during cut-down repair. In addition, testicular atrophy,
ascent of the testis, ovarian malposition, and bladder injury
have been reported, none of which occurred in our lapa-
roscopic series.
Despite increasing reports regarding the laparoscopic
approach, there has been only one comparative study
between laparoscopic and open repair. Chan et al.
emphasized the superiority of laparoscopic repair from the
points of less pain, prompter recovery, and better cosmesis
[28]. Operation times were longer for unilateral and equal
for bilateral repair compared with open repair. In our ser-
ies, the majority of parents preferred laparoscopic repair
based on postoperative cosmetic superiority, bilateral IIR
inspection, and simultaneous repair for an unpleasant-
looking umbilicus. Laparoscopic operation times were
equal for unilateral and shorter for bilateral repair com-
pared with open repair. There was no injury to the
reproductive system in contrast to the cut-down procedure.
Postoperative recurrence and contralateral hernia were less
in the laparoscopic group, although we could not achieve
0% incidence.
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123Conclusions
Although we must currently accept that laparoscopic hernia
repair has not been around long enough to rate fully the risk
of late complications, we believe that this procedure with
the Endoneedle can be a routine procedure with results
comparable or superior to those with open procedures. The
advantages of our technique include the following: tech-
nically simple, short operation time, inspection of bilateral
IIRs with simultaneous closure of cPPV, the reproductive
system remains intact, routine addition of umbilicoplasty if
desired by the parents of patients, and essentially indis-
cernible wounds.
Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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